Mutations in the gene encoding otoferlin are known to cause deafness, but the mechanism is unclear. In this issue, Roux et al. (2006) demonstrate that otoferlin interacts with SNARE molecules at the afferent synapses of cochlear inner hair cells to trigger exocytosis of neurotransmitter.
as many different research groups focus on these fundamental questions in transcription initiation. Past success from intensive efforts in the field suggests that new and probably surprising answers will arrive soon.
Our ears extract information about the loudness, pitch, and timing of sounds over a billion-fold range of intensities-from the din of a rock concert to whispers so faint that they are barely discernable from the background noise caused by random collisions of air molecules with the eardrum. To cope with this enormous dynamic range, the sensory cells in the cochlea of the inner ear use finely-graded changes in membrane potential (V m ) rather than all-or-none nerve impulses to encode sounds. This strategy greatly increases the amount of information that can be encoded in V m but also poses a serious challenge for the output synapses of the inner hair cells. In this issue, Roux et al. (2006) report the molecular identity of the key calcium ion sensor that controls neurotransmitter release at these output synapses. The sensor is the protein otoferlin, which is expressed principally by the auditory and vestibular receptor cells and in only a few other places in the brain. Mutations in otoferlin are known to cause profound deafness (Yasunaga et al., 1999) . Now, Roux et al. (2006) show that this form of deafness is caused by an almost complete loss of calcium-mediated exocytosis in the inner hair cells but without disruption to the synaptic structure or calcium ion influx. They further demonstrate that otoferlin binds in a calcium-dependent manner to the presynaptic SNARE proteins of inner hair cells (see Figure  1) , from which they conclude that otoferlin is essential for a late step in exocytosis of neurotransmitter at these synapses.
The common information currency of the nervous system is the nerve impulse, a self-amplifying change in V m that propagates along an axon. Nerve impulses are the fundamental signaling units in all animals large enough to require them, but they come at a price. To propagate without decrement, nerve impulses must be discrete, all-ornone events, usually separated by a millisecond or longer. This restricts the possible V m (t) waveforms that a sensory cell can produce, thereby reducing its capacity to encode information in V m . The only information contained in a train of nerve impulses is the set of event times. Inner hair cells of the cochlea are highly specialized to carry out two functions: detecting small signals buried in noise and preserving timing information that allows the brain to compute the horizontal position of a sound source by comparing the arrival times of signals from the left and right ears to an accuracy of 10-20 µs (Mills, 1958) . Given that all auditory information passes through the afferent synapses of inner hair cells, these synapses must maintain sensitivity and precise timing. Sensitivity to small signals is aided by a unique type of presynaptic L-type voltagegated calcium ion channel (Ca V 1.3) in the inner hair cell plasma membrane that opens rapidly to allow the inward flow of calcium ions in response to small voltage changes and may be partially active at the resting potential (see Figure 1) . To preserve timing information, synaptic vesicles need to release their neurotransmitter at a precise phase during each sound cycle, which places stringent requirements on the binding kinetics of the calcium ion sensor otoferlin, which mediates exocytosis. In humans, the auditory afferent synapses of inner hair cells can transmit phase information for tones having frequencies as high as ?3 kHz.
The calcium binding kinetics of otoferlin have not yet been determined, but if this sensor is able to bind to and release calcium ions during each cycle of a 3 kHz tone, the expectation is that both k on and k off are fast. For example, the dissociation rate constant that corresponds to a corner frequency of 3 kHz is 18,000 s −1 (k off = 2πf). It will be of great interest to measure the kinetics of otoferlin binding to calcium ions and to the SNARE proteins, to see whether they are all specialized for triggering neurotransmitter release at a precise phase during each sound cycle. In addition, a close molecular association between otoferlin, presynaptic calcium ion channels, SNARE proteins, and synaptic vesicles seems necessary to explain how the opening of only a few calcium ion channels, perhaps just one, can trigger fusion of the synaptic vesicle membrane with the presynaptic membrane and release of neurotransmitter (Brandt et al., 2005) . We are far from understanding how auditory afferent synapses achieve such high sensitivity and temporal precision, but identification of key molecules in this process is an important first step.
Finally, one puzzling aspect of auditory signaling is the fact that only the first cells in the pathway (the inner hair cells) use graded signals. Once the information has been passed across the afferent synapse, the postsynaptic neuron converts it into a train of nerve impulses. Why bother to have finely graded signals in the receptor cell and the specialized synapse needed for graded synaptic transmission if the signal is immediately converted into nerve impulses? An answer may lie in the remarkable synaptic divergence seen in the cochlea. Each inner hair cell provides the sole synaptic input to a harem of 10-30 afferent axons. It may seem at first that this one-to-many relationship provides only redundancy, but the stochastic nature of the exocytosis of synaptic vesicles and release of neurotransmitter means that no two postsynaptic axons have identical trains of nerve impulses. In addition, the output synapses of a single inner hair cell are not all the same (Merchan-Perez and Liberman, 1996) . Some are highly sensitive but easily saturated by even moderately loud sounds. Others are less sensitive but also less readily saturated. The details remain to be worked out, but it appears that each inner hair cell has output synapses that have a variety of sensitivities, and perhaps other properties as well. Each synapse may thus extract a different aspect of the information contained in the same V m (t) and encode it in a separate train of nerve impulses that are transmitted to the brain. In this way, the large amount of information contained in the inner hair cell's finely graded membrane potential is divided among many lower-capacity channels. How these subtle differences in synaptic properties are achieved remains to be discovered, but possibilities include differences in the number or spatial arrangement of otoferlin and other molecules that regulate neurotransmitter release at the auditory afferent synapse. Otoferlin is a transmembrane protein of synaptic vesicles in inner hair cells that interacts with the SNARE complex proteins syntaxin-1 and SNAP25. These proteins are critical for fusion of the synaptic vesicle membrane with the presynaptic membrane during exocytosis and consequent release of neurotransmitter into the synapse. In response to small membrane voltage changes elicited by sounds, Ca V 1.3 calcium channels allow calcium ions to enter the inner hair cells and to bind to otoferlin. This alters the interaction between otoferlin and the SNARE complex proteins, allowing fusion of the synaptic vesicle and presynaptic membranes and release of neurotransmitter by exocytosis.
